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Method of Operating Multiple Parallel-Connected Pulse-Controlled Inverters 

The invention relates to a method of operating multiple parallel-connected pulse- 
controlled inverters. Pulse-controlled inverters with voltage links and gate-turn-off power 
semiconductors, specifically, thyristors or IGBTs 1 , are known in prior art. The method 
may be employed to operate two or more parallel-connected pulse-controlled inverters. 

Parallel connection of two or more pulse-controlled inverters provides advantages when 
compared to the operation of a single pulse-controlled inverter. Parallel connection 
allows a higher output power to be obtained without a significant additional 
developmental effort. In addition, the use of two or more parallel-connected pulse- 
controlled inverters, specifically the use of a modular design, enables a redundant system 
to be created which is able to continue operating even in the event of a failure on the part 
of one of the pulse-controlled inverters - although with a possible reduction in output 
performance. The approach also provides cost savings since only the defective pulse- 
controlled inverter, not the entire system, has to be replaced in the event of such a failure. 

The goal of the invention is therefore to propose an improved method of operating 
multiple parallel-connected pulse-controlled inverters. 

This goal is achieved according to the invention be regulating the individual currents of 
the pulse-controlled inverters, or a given number of pulse-controlled inverters reduced by 
1 . The regulation method may be implemented by an approach which regulates each 
individual current of each pulse-controlled inverter. An approach is also possible 

1 Translator's note: original acronym corrected here (to conform to the correct usage below). 
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whereby only the individual currents of the n-1 parallel-connected pulse-controlled 
inverters are regulated. 

Advantageous modifications of the invention are described in the subclaims. 

The method may be implemented using two pulse-controlled inverters. It is possible here 
to regulate one or both of the pulse-controlled inverters. However, the method may also 
be implemented using more than two pulse-controlled inverters. 

The parallel-connected pulse-controlled inverters may be inverters having the same 
power output and/or inverters of random (different) power output. The distribution of 
power/current between the pulse-controlled inverters may be uniform and/or random 
(different). In the case of certain applications, however, it may be advantageous that the 
pulse-controlled inverters have the same output. The method may also be implemented 
such that a combination of pulse-controlled inverters of randomly different output and/or 
of the same output are employed. In addition, it is possible that the method comprise a 
random distribution of individual currents, or also a uniform distribution of the individual 
currents - regardless of whether the pulse-controlled inverters have the same output or a 
randomly different output. 

The total current may be randomly distributed among the pulse-controlled inverters. In 
certain cases, however, it may be advantageous to distribute the total current to pulse- 
controlled inverters of the same output. 

Preferably, each pulse-controlled inverter is regulated separately. 

An advantageous modification of the invention is characterized in that the input variable 
of regulation is provided by the difference between the setpoint value and actual value of 
each output current, and by the modulation pattern. 
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It is advantageous if the control edges of the power semiconductors are shifted in the 
pulse-controlled inverter(s). 

Preferably, each phase of one or of a multiple number of all pulse-controlled inverters are 
regulated individually. 

Another advantageous modification of the invention is characterized in that the gain 
factor for regulation is a function of external limiting parameters. 

The regulation method according to the invention allows multiple pulse-controlled 
inverters to be connected in parallel and the individual currents to be regulated, 
preferably, by a predefined shift in the relevant control edges. In principle, the individual 
currents are freely selectable; the only limiting condition is that their sum is equal to the 
total current. A possible application consists in distributing the total current among a 
number of parallel-connected pulse-controlled inverters. Preferably, the total current is 
distributed among a number of parallel-connected pulse-controlled inverters of the same 
output. 

The regulation of each pulse-controlled inverter may occur separately. The input 
variables used are preferably the difference between the setpoint value and actual value 
of the relevant output current, and a modulation pattern, preferably, the pattern generated 
by the master control or regulation system. When pulse-controlled inverters of equal 
output are used, the mean value of the individual currents may be used as the setpoint 
value. 

It is possible to individually regulate each phase of one, multiple, or of all the pulse- 
controlled inverters. In the case of two parallel-connected three-phase pulse-controlled 
inverters, the number of regulators thus totals six. The output variable of the regulator 
may then determine the shift in the control edges of the gate-turn-off power 
semiconductors employed. 
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The regulation method may also be implemented in such a way that one of the parallel- 
connected pulse-controlled inverters is not regulated. The method works even in this 
case. The method may be implemented in such a way that the currents are adjusted in one 
or the other pulse-controlled inverter according to the current distribution. Since total 
current is independent of this regulation, the current in the unregulated pulse-controlled 
inverter thus adjusts automatically as the difference between the total current and the sum 
of the regulated currents. The total current does not have to remain unchanged. It may, 
for example, be sinusoidal 

In prior-art approaches, the parallel-connected circuit in pulse-controlled inverters is 
constructed without additional regulation. As a result, however, the system must be 
significantly oversized. It is also necessary to specially select the power semiconductors. 
Despite these measures, simultaneously driving the modules may cause a current 
distribution to occur - due to tolerances, heating, different signal delay times, etc. - 
which results in an overload of the individual pulse-controlled inverters. 

The regulation method according to the invention provides the advantage that any current 
distribution desired may be regulated in the individual pulse-controlled inverters. A 
uniform distribution is thus possible. At the same time, the method allows the system to 
react during operation to different limiting conditions, such as different temperatures, 
signal delay times, etc. 

The following discussion explains an embodiment of the invention in more detailed based 
on the attached drawings. 

Figure 1 is a circuit diagram of a parallel-connected circuit for two single- 
phase pulse-controlled inverters with IGBTs, freewheeling diodes, 
and output chokes; 

Figure 2 shows the time variation for gate trigger pulses; and 
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Figure 3 is a block diagram of the regulation method. 

Since regulation occurs independently of the phase number of the pulse-controlled 
inverter, it is described below using the example of one phase. To ensure explanatory 
transparency, the conditions described are those of a parallel-connected circuit of two 
pulse-controlled inverters of the same output which are constructed using IGBTs and 
appropriate freewheeling diodes. 

In Figure 1, a first single-phase pulse-controlled inverter 1 is connected in parallel with a 
second single-phase pulse-controlled inverter 2. First pulse-controlled inverter 1 
comprises a first IGBT Tl 1 and a second IGBT T14, which are connected in series and 
are located between the forward voltage UD+ and reverse voltage UD-. One diode each 
Dll and D14 are connected in parallel with IGBTs Til and T14, specifically, in the 
direction from UD- to UD+. An output choke 3 is located between the interconnection 
point 4 of Tl 1/D1 1 and T14/D14, and the output 5. Second pulse-controlled inverter 2 is 
of analogous design and includes two series-connected IGBTs T21 and T24 between 
UD+ and UD-, and two parallel-connected diodes D21 and D24 in the direction UD- to 
UD+. The second output choke 6 is located between the interconnection point 7 of 
T21/D21 and T24/D24, and output 5. The first current II 1 flows from first output choke 3 
to output 5. The second output current 121 flows from second output choke 6 to output 5. 

The regulation method is implemented in the following manner: When the actual value of 
current II 1 is greater than the setpoint value, the turn-on edge of Tl 1 and turn-off edge of 
T14 are each delayed. The turn-off edge of Til and turn-on edge of T14 remain 
undelayed. When the actual value of current II 1 is smaller than the setpoint value, the 
turn-on edge of Tl 1 and turn-off edge of T14 are undelayed. The turn-off edge of Tl 1 
and turn-on edge of Tl 4 are each delayed. 


inlingua Language Center, 551 Fifth Avenue, New York, NY 10176, Tel. (212) 682-8585, Fax. (212) 599-0977 


($ inlingua 


Translation No. 22655 
6 of 14 


The conditions for pulse-controlled inverter 2 are analogous. When the actual value of 
current 121 is greater than the setpoint value, the turn-on edge of T21 and turn-off edge of 
T24 are each delayed. The turn-off edge of T21 and turn-on edge of T24 each remain 
undelayed. When the actual value of 121 is smaller than the setpoint value, the turn-on 
edge of T21 and turn-off edge of T24 remain undelayed. The turn-off edge of T21 and 
the turn-on edge of T24 are each delayed. 

Whenever the actual value of current 111 equals the setpoint value, the turn-on edges of 
Tl 1 and T14, and the turn-off edges of Tl 1 and T14 are each undelayed. Analogously, 
the turn-on edges of T21 and T24, and turn-off edges of T21 and T24 each remain 
undelayed whenever the actual value of current 121 equals the setpoint value. 

The following table summarizes the above explanation. It indicates under which 
conditions the trigger signals for the pulse-controlled inverters considered here change 
relative to the signals of the modulation pattern generated by the master system. The table 
is the same for both pulse-controlled inverters: 


Current, pulse-controlled 
inverter (111 or 121) 

Turn-on edge Tl 1 or T21 
Turn-off edge T14 or T24 

Turn-off edge Tl 1 or T21 
Turn-on edge T14 or T24 

actual value > setpoint value 

delayed 

undelayed 

actual value = setpoint value 

undelayed 

undelayed 

actual value < setpoint value 

undelayed 

delayed 


In the case of asymmetrical distribution of current, the two pulse-controlled inverters 
have setpoint / actual-value deviations of opposite polarity. 

As a result of the operation of the regulators, the switching edges or control edges are 
shifted relative to the original modulation pattern in accordance with the above table. 
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Figure 2 shows the gate trigger pulses for IGBTs Til and T21 in the event of an 
excessively large current II 1 and excessively small current 121. Since the actual value of 
current II 1 is greater than the setpoint value, the turn-on edge of Tl 1 is delayed by time 
tl 1. The turn-off edge of Tl 1 remains undelayed. Since the actual value of current 121 is 
smaller than the setpoint value, the turn-on edge of T21 remains undelayed. The turn-off 
edge of T21 is delayed by time t21. Time intervals tl 1 and t21 may be of equal duration. 

The different switching time points for the pulse-controlled inverters produce a voltage- 
time integral at the output chokes. The result is a change in current in the two chokes in 
the direction of removing the setpoint / actual-value deviation; the total current remains 
unchanged. 

Figure 3 provides an associated block diagram showing the regulation method for the 
example described of two parallel-connected pulse-controlled inverters. Actual values II 1 
and 121 are summed in a summing element 8. The sum is sent to amplifiers 9 and 10 
where it is amplified by the factors Kl and K2. The output of amplifier 9 is fed to the 
differentiating element 1 1 in which the difference 12 is taken between the output value of 
amplifier 9 and actual current 111. The output of amplifier 10 is fed to the differentiating 
element 13 in which the difference 14 is taken between the output value of amplifier 10 
and actual current 121. 

Differences 12 and 14 are fed to the regulator 15 to which the modulation pattern 16 is 
also supplied. The regulator generates control pulses 17 for IGBTs Til, T14, T21, T24, 
specifically in the manner described involving a shift in the turn-on edges or turn-off 
edges. 

Factors Kl and K2 may be constant. They may be of equal size. However, it is also 
possible that factors Kl and K2 not be constant. In this case, the regulation method has 
the ability to react during operation to changing conditions of the environment. For 
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example, it is possible to include the temperature of the individual power semiconductors 
(IGBTs) in the generation of the setpoint value. Factors Kl and K2 are then temperature- 
dependent, specifically, in such a way that less current is applied to overheated power 
semiconductors. 

The invention provides for the implementation of a regulation method for connecting 
pulse-controlled inverters in parallel through output chokes, wherein the modulation 
pattern is generated in a voltage-controlled manner by a master control system and is 
corrected in a partial-current-dependent manner within a separate lower-level control unit 
for each pulse-controlled inverter. The voltages and currents of the parallel-connected 
pulse-controlled inverters may be randomly selected, whereby it is possible, specifically, 
to parallel-connect even pulse-controlled inverters with different power outputs. The 
pulse frequency rate may range between 500 Hz and 20 kHz. It is possible for a partial- 
current-dependent correction of the modulation pattern to be realized for all n parallel- 
connected pulse-controlled inverters. However, it is also possible for a partial-current- 
dependent correction of the modulation pattern to be realized such that one of the pulse- 
controlled inverters is operated in an uncorrected mode. Correction of the modulation 
pattern may be realized as a function of external limiting conditions, specifically, 
temperature, system damage, and/or different signal delay times. 
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